ABSTRACT: Two studies were conducted using adult dogs to evaluate the effect of increasing the inclusion of soybean meal (SBM) in an adult dog food on body composition, hematological and biochemical blood analyses, and total tract nutrient digestibility. Nutritionally complete and balanced diets were formulated with commercialgrade SBM (48% CP) to replace 0, 10, 20, or 30% of the protein provided by dried chicken protein resulting in final SBM inclusion of 0, 6.0, 11.5, and 17.0% (as-fed basis), respectively. In study 1, diets were fed during a 24-wk feeding trial using 36 female (spayed), adult hounds to evaluate food intake, BW, body composition, and blood measurements. There were no diet-related differences in food intake or BW. Body composition responded in a quadratic manner to increased dietary SBM inclusion with the percentage (%) of lean mass responding positively (P < 0.05) and absolute amounts of fat mass and percent body fat responding negatively (P < 0.05). All diagnostic blood components remained within normal physiological ranges for healthy, adult dogs. Serum concentrations of C-reactive protein and IGF-1 were similar among diets. In study 2, diets were evaluated in a digestibility study using 12 adult dogs in a 4 × 4 Latin square design. Increased SBM inclusion was associated with linear increases in the digestibility of CP (P < 0.05) and fat (P < 0.05) and CP retention (P < 0.05). Linear reductions in fecal DM content (P < 0.01) and increased fecal output (P < 0.05) were noted with increased SBM inclusion. All diets were similar in DE and ME content, but a quadratic trend was noted with increased SBM inclusion when DE (P = 0.083) and ME (P = 0.062) were expressed per unit of metabolic body size. Overall, it can be inferred from these results that the partial replacement of dried chicken protein with SBM in a nutritionally complete and balanced diet does not compromise the nutritional status and long-term health of adult dogs.
INTRODUCTION
The adult life stage represents a major portion of the dog's (Canis familiaris) life compared with the shorter juvenile stage and longer but less defined senior stage. A comprehensive guideline recently refined the canine life stages to include puppy, junior, adult, mature, senior, and geriatric (Bartges et al., 2012 ). This refinement ensures proper nutrition and health care due to differing maturation rates based on breed and size of the dog. The adult life stage is considered a period of homeostasis with few physiological changes and is denoted as a maintenance stage. However, slow physiological changes occur during this life stage such as age-associated fat accumulation and loss of lean tissue (Harper, 1998) . Proper nutrition is required during this life stage to support body composition and promote long-term health.
Many commercial dog foods are formulated with animal proteins as the primary protein source due to more appropriate AA profiles than vegetable proteins (St. Jeor et al., 2001) . Although adequate dietary AA profiles can be achieved with vegetable proteins, improved profiles and nutritional value are achieved by blending them with complementary animal proteins (Brown et al., 2009) . Various studies have evaluated soybean (Glycine max) meal (SBM) as a protein source for dogs (Moore et al., 1980; Zuo et al., 1996; Bednar et al., 2000; Clapper et al., 2001; Yamka et al., 2005; Carciofi et al., 2009 ). However, diets containing up to 30% SBM may increase fecal moisture resulting in loose stools and more stool volume compared with animal protein (Bednar et al., 2000) . Antinutritional factors, such as oligosaccharides and phytate, may also reduce digestibility and nutrient availability as SBM consumption increases (Zuo et al., 1996; Clapper et al., 2001; Yamka et al., 2003 Yamka et al., , 2005 .
Two studies were designed to evaluate the response of adult dogs fed nutritionally complete and balanced diets formulated with commercial-grade SBM (48% CP). The SBM replaced 0, 10, 20, or 30% of the protein provided by dried chicken protein resulting in final SBM inclusion of 0, 6.0, 11.5, and 17.0% (as-fed basis), respectively. A 24-wk study was conducted to evaluate the health status of adult dogs fed these diets for an extended period. A digestibility study was also conducted to evaluate nutrient digestibility of the test diets.
MATERIALS AND METHODS
All study protocols were designed and conducted according to guidelines specified in the Guide for the Care and Use of Laboratory Animals (NRC, 1996) and approved by the Institutional Animal Care and Use Committee of P&G Pet Care.
Twenty-Four-Week Feeding Study
A 24-wk feeding study was conducted in 2002 using 36 female (spayed) purpose-bred hounds. Average age of the adult dogs was 4.2 ± 1.5 yr and mean BW was 12.6 ± 1.4 kg. Dogs were individually housed in 2.23 m 2 runs with ad libitum access to drinking water via a nipple-style water dispenser.
The control diet was a dry, extruded diet formulated to be nutritionally complete and balanced for adult dogs (AAFCO, 2000) and devoid of SBM. The SBM-containing diets were formulated with 6.0, 11.5, or 17.0% SBM to replace 10 (6SBM), 20 (11SBM), or 30% (17SBM) of the dried chicken protein in the control diet, respectively (Table 1) . Nutritional content of the SBM used in the study is described in Table 2 . All diets were formulated to be isonitrogenous and isocaloric and to meet or exceed NRC (1985) and Association of American Feed Control Officials (AAFCO, 2000) nutrient recommendations for adult dogs. Each diet contained supplemental dl-methionine, but no additional AA were provided because dietary AA concentrations met or exceeded AAFCO (2000) recommendations. Nutrient content of the SBM and test diets was determined on duplicate samples before the start of the study using the AOAC (2000) procedures for DM (934.01), CP (990.03), AA (999.12), acid hydrolyzed fat (954.02), fatty acids (969.33), crude fiber (962.09), crude ash (942.05), Ca (968.08), and P (964.06). The concentration of N-free extract (NFE) was calculated by difference (NFE = 100 -(crude ash + CP + acid hydrolyzed fat + crude fiber)). Dietary GE was determined using an automated bomb calorimeter (IKA C-2000; IKA Works, Inc, Wilmington, NC). Concentrations of genistein, daidzein, and glycitein in SBM were measured by a contract laboratory but the analytical method is not available.
The control diet group comprised 12 dogs and each test diet group contained 8 dogs. All diets were fed for 24 wk. Food was offered once daily at 0640 h. Any residual food from the previous meal was collected and weighed before the morning feeding. Daily food intake was recorded for each dog. Weekly BW was recorded after an overnight fast. Dogs were fed to maintain BW with their daily food allotment based on historical data of their individual ME requirements.
Body composition was measured by whole-body scanning using dual-energy X-ray absorptiometry (DEXA; HologicQDR-2000 Plus; Hologic, Inc, Bedford, MA) supported with Hologic MCA software (version 8). These determinations were conducted at wk -2, at baseline (wk 0), and at the end of the study (wk 24). Dogs were assigned equally across dietary treatments based on absolute lean body mass and fat mass that were measured at wk -2. No body composition differences existed among the treatment groups at baseline. Each dog was anesthetized for DEXA after a 12-h fast. The anesthesia regimen comprised the pre-anesthetic, glycopyrrolate (0.011 mg/ kg; Baxter Healthcare Corporation, Deerfield, IL), and the induction combination of xylazine -(0.8 mg/kg; Teva Animal Health, Inc., St. Joseph, MO), Telazol (6.6 mg/kg; Fort Dodge Animal Health, Fort Dodge, IA), and Torbugesic (0.1 mg/kg; Fort Dodge Animal Health, Fort Dodge, IA). Isoflurane (Aerrane; Ohmeda Pharmaceutical, Liberty Corner, NJ) was administered as a maintenance agent via nose mask. Dogs were positioned in sternal recumbancy with hind limbs extended caudally. Measured DEXA end points included total whole-body fat (fat; g), total wholebody bone mineral content (BMC; g), surface area (cm 2 ), and total whole-body mass (total mass; g). Whole-body bone mineral density (g/cm 2 ) was calculated as BMC/surface area. Total whole-body lean (lean; g) was calculated as [total mass -(fat + BMC)/total mass] × 100. Wholebody percentages of lean, fat, and BMC were calculated as ("lean"/"total mass") × 100, ("fat"/"total mass") × 100, and (BMC/"total mass") × 100, respectively.
Standard serum veterinary diagnostic measurements and markers of nutritional status were measured in fasting blood samples collected at wk 0, 8, 16, and 24. Blood samples (30 mL/dog) were collected before the morning feeding (0640 h) via jugular venipuncture. Blood collection was achieved using a 20-gauge × 2.5 cm sterile Vacutainer needle, three 5-mL Vacutainer EDTA (1.8 mg EDTA/mL blood) tubes, and three 9-mL sterile Vacutainer serum separator (SST) tubes according to manufacturer Omega-3 fatty acids 0.4 0.4 0.4 0.4 Ratio (n-6 to n-3) 9.4 9.7 9.4 9.2 1 6SBM = 6.0% SBM to replace 10% of the dried chicken protein in the control diet.
2 11SBM = 11.5% SBM to replace 20% of the dried chicken protein in the control diet.
3 17SBM = 17% SBM to replace 30% of the dried chicken protein in the control diet. 4 See Table 2 for chemical composition.
instructions. Each SST was allowed to clot at room temperature for 20 min before centrifugation at 2,500 × g for 20 min at 4°C. Two blood smears were made from each of the thoroughly mixed EDTA tubes. Serum and plasma aliquots, an EDTA blood tube, and blood smears were transferred on ice to the central lab of The Iams Company (Lewisburg, OH) for subsequent analyses. Serum biochemical components were measured using the Beckman Coulter AU480 Chemistry System (UV/visible spectrometry; Brea, CA). Hematological indices were measured using the Abbott Cell-Dyn 3500N Hematology Analyzer with veterinary software (Abbott Park, IL). A frozen aliquot of serum was shipped on dry ice to Indiana Veterinary Diagnostic Laboratory (Fishers, IN) for assessment of C-reactive protein (CRP) and IGF-1.
Digestibility Study
A panel of 8 male neutered and 4 female spayed dogs was used in 2002 to assess the nutrient digestibility of the 4 test diets (Table 1 ). The panel comprised Labrador Retrievers, Alaskan Sled dogs, and Brittany Spaniels. Mean BW averaged 26.1 ± 8.5 kg and ranged from 14.1 to 38.1 kg. All dogs were housed in individual kennels with indoor and outdoor access during noncollection periods. The indoor portion of each kennel measured 2.5 by 1.5 m with epoxy floors and the outdoor portion measure 6.1 by 1.6 m with concrete floors. Each dog had free access to the outside kennel on a 24-h basis and ad libitum access to drinking water.
During collections, each dog was housed in an individual metabolism crate for the total collection of urine and fecal excreta. Each crate measured 1.2 by 1.0 by 1.0 m. Each dog was initially provided with 1,600 mL deionized water daily. Additional water was added as needed on an individual dog basis. A hard chew toy was provided to each dog for environmental enrichment. Lights were on daily between 0600 and 1800 h.
A 4 × 4 Latin square design was used in which all dogs received each of the 4 test diets (control, 6SBM, 11SBM, and 17SBM) for 14-d periods. Days 1 to 7 of each period allowed each dog to acclimate to the respective test diet. Total collection of fecal and urine excreta occurred on d 8 to 14 of each period. During precollection, dogs were fed twice daily at 0640 and 1200 h. Omega-6 fatty acids 1.7
Omega-3 fatty acids 0.3
Ratio (n-6 to n-3) 5.9 Table 2 . continued Food allowance was based on BW after an overnight fast. Each dog was allowed 1 h to consume their daily allotment of food. Any uneaten food was removed and weighed. Any health changes or adverse events were noted and recorded. Voluntary water consumption was recorded on d 8 to 12 of each collection period. Each excreta collection phase began on d 8 at 0930 h. Total urine output was collected for 5 consecutive days (d 8 to 14) through a screened funnel into a collection bottle containing 20 mL 6 N HCl as a preservative. Urine bottles were emptied daily into a corresponding composite bottle (7.8 L) and replaced with fresh collection bottles containing HCl. Hair and other debris were rinsed daily from the urine funnel screen using deionized water. Composite urine samples were refrigerated at 4°C until the end of each collection period. One representative urine sample (approximately 50 mL) was collected from each composite sample and transferred to the Iams Central Laboratory (Lewisburg, OH) for analysis. Each composite urine sample was analyzed for total N (method 934.01; AOAC 2000) and energy using bomb calorimetry.
Fecal samples were collected at 0640 h on d 9 to 13. Dogs were also monitored throughout the day to collect any fecal material. Stool scores were assigned twice daily by a qualified evaluator using a 5-point fecal scoring system (1 = liquid, 2 = soft, no shape, 3 = soft, with shape, 4 = firm [ideal] , and 5 = extremely dry) as previously used by Strickling et al. (2000) and Carciofi et al. (2008) . Approximately 100 g of each daily fecal sample was retained and stored in a composite bag. The entire fecal sample was retained when daily fecal output was less than 100 g. Composite samples were stored at 4°C. A representative aliquot (100 g) of each composite fecal sample was collected and frozen overnight before freeze-drying for 3 d. The DM content of each lyophilized fecal sample was determined before grinding for subsequent analyses. Composite fecal samples were analyzed for DM, CP, fat, crude fiber, ash, and energy using AOAC (2000) procedures and bomb calorimetry.
Statistical Analyses
All data were analyzed using the mixed procedure of SAS (SAS Inst. Cary, NC; version 9.3). Results are reported as least squares means ± SEM. Statistical significance was declared at P < 0.05 with trends noted at P < 0.10. Linear and quadratic effects of dietary SBM inclusion were evaluated with orthogonal contrasts using SAS determined coefficients (proc iml) that matched actual percentages of SBM in the test diets.
Body weight (Y ijk ) was analyzed using the model
in which μ is the overall mean, Trt i is the ith treatment effect (i = 0, 10, 20, or 30% SBM replacement), Wk j is the repeated effect of week (j = 0, 8, 16, or 24) , Trt × Wk ij is the interaction between the ith treatment and jth week, and e ijk is the random error. Food intake and hematological and biochemical blood variables (Y ijk ) were analyzed with initial BW (in-BW ijk ) as a covariate:
in which μ is the overall mean, Trt i is the ith treatment effect (i = 0, 10, 20, or 30% SBM replacement), Wk j is the repeated effect of week (j = 0, 8, 16, or 24) , Trt × Wk ij is the interaction between the ith treatment and jth week, and e ijk is the random error.
Body composition variables (Y ijk ) were analyzed with initial DEXA value at wk 0 (inDX ijk ) as a covariate:
in which μ is the overall mean, Trt i is the ith treatment effect (i = 0, 10, 20, or 30% SBM replacement), Wk j is the repeated effect of week (j = 8, 16, or 24), Trt × Wk ij is the interaction between the ith treatment and jth week, and e ijk is the random error.
Nutrient digestibility variables (Y ijk ) were analyzed using the model
in which μ is the overall mean, Trt i is the ith treatment effect (i = 0, 10, 20, or 30% SBM replacement), Period j is the repeated effect of period (j = 1 to 4), Trt × Period ij is the interaction between the ith treatment and jth period, and e ijk is the random error.
Apparent DE per unit of metabolic body size (DEMBS) was calculated as DEMBS = DE/IW 0.67 , in which IW is the initial weight of the dog as measured at wk 0 in kilograms and the 0.67 is the Heusner body scaling coefficient (NRC, 1985; Heusner, 1982) .
Metabolizable energy was calculated as ME = GE -(FEO + UEO), in which GE is the gross energy intake, FEO is the fecal energy output, and UEO is the urinary energy output.
Metabolizable energy per unit of metabolic body size (MEMBS) was calculated as MEMBS = ME/ IW 0.67 , in which IW is the initial weight of the dog as measured at wk 0 in kilograms and the 0.67 is the Heusner body scaling coefficient referenced above.
RESULTS
Chemical composition of the isonitrogenous, isocaloric diets were similar (Table 1 ) and all dogs remained healthy throughout each study based on the absence of any reported adverse events.
Feeding Study
No diet-related differences were noted for food intake or BW over the entire 24-wk study or at any individual time point (wk 0, 8, 16, or 24) . All serum biochemical (Table 3) and hematological (Table 4) components were within normal physiological ranges for healthy, adult dogs. Quadratic responses to increasing SBM inclusion were noted for urea-N (P < 0.05) and urea-N:creatinine (P < 0.05) with peaks occurring with the diet containing 6% SBM inclusion. Quadratic responses were also observed for total protein (P < 0.05) and blood glucose (P < 0.05) with peak concentrations occurring with the 11.5% SBM diet. Serum P showed a positive linear (P < 0.05) and quadratic (P < 0.05) responses to increasing dietary SBM inclusion with peak (4.01 mg/dL) occurring with the 17% SBM diet. Some electrolytes also displayed quadratic response to increasing SBM consumption based on serum levels of Na (P < 0.05) and Cl (P < 0.05). The remaining biochemical components or hematological components were not affected by diet. The serum markers of nutritional status showed differential responses to increased SBM inclusion as serum IGF-1 levels were not different among the 4 test diets (Table 5) . In contrast, CRP demonstrated a quadratic response (P = 0.069) to increased SBM inclusion with peak concentrations observed in dogs fed the 6% SBM diet.
Body composition measured using DEXA (Table 6 ) showed percent lean mass (P < 0.05) but not absolute lean 2 6SBM = 6.0% SBM to replace 10% of the dried chicken protein in the control diet.
3 11SBM = 11.5% SBM to replace 20% of the dried chicken protein in the control diet.
4 17SBM = 17% SBM to replace 30% of the dried chicken protein in the control diet.
5 ALT = alanine aminotransferase.
6 AST = aspartate aminotransferase.
7 CPK = creatine phosphokinase.
8 GGT = γ-glutamyl transferase.
9 LDH = lactate dehydrogenase.
mass responded in a quadratic fashion to increasing inclusion of dietary SBM with peak (80.4%) occurring with the 17% SBM diet. Quadratic responses for absolute fat mass (P < 0.05) and percent body fat (P < 0.05) were also noted with increasing SBM inclusion as peaks occurred with the 11.5% SBM diet (2,400 g and 19.6%, respectively). Absolute BMC also demonstrated a quadratic (P < 0.05) response to SBM inclusion, with peak occurring with the 11.5% SBM diet (248 g), whereas percent BMC showed a trend (P = 0.073) for a quadratic response.
Digestibility Study
Results of the digestibility study showed linear increases in the intake of DM (P < 0.05), CP (P < 0.05), fat (P < 0.05), crude fiber (P < 0.01), and ash (P < 0.05) with increasing inclusion of dietary SBM (Table 7) . A trend (P = 0.067) for a quadratic response to SBM inclusion was noted for NFE intake. Fecal DM content decreased linearly (P < 0.05) whereas the ratio of fecal output to food intake increased linearly (P < 0.05) with increasing SBM inclusion in the diet. Positive linear responses were noted for the apparent digestion of protein (P < 0.05) and fat (P < 0.05) with increased dietary SBM inclusion. Protein retention, expressed as an absolute value and as a percent of CP intake, also increased linearly (P < 0.05) with increasing dietary SBM inclusion. All diets were similar in DE and ME content despite a quadratic trend to SBM inclusion when DE (P = 0.083) and ME (P = 0.062) were expressed per unit of metabolic body size with greatest values observed with dogs fed the 6SBM diet.
DISCUSSION
It is well recognized that potential concerns may exist when animal-based protein is replaced with SBM in dog food formulas due to certain antinutritional factors and possible reductions in protein quality. These results demonstrate SBM can effectively replace up to 30% of the protein provided as dried chicken protein in adult dog foods without adversely affecting health status, nutrient availability, or protein retention. Similarly, there were no diet-related dif- Table 4 . Hematological profiles of adult dogs over a 24-wk feeding study when fed a nutritionally complete and balanced adult dry dog food formulated with commercial grade soybean meal (SBM) to replace 10, 20, or 30% of the protein provided by dried chicken protein in the control diet 2 6SBM = 6.0% SBM to replace 10% of the dried chicken protein in the control diet.
5 Ban = Band cells (immature white blood cells).
6 MCH = mean cell hemoglobin.
7 MCHC = mean cell hemoglobin concentration.
8 MCV = mean cell volume.
ferences in BW or food consumption with the long-term feeding of nutritionally complete and balanced diets containing up to 17% SBM. These responses are not surprising as individual food allowances were set to maintain ideal BW based on individual ME requirements. These results are also similar to previous reports (Yamka et al., 2003 (Yamka et al., , 2005 . Food consumption remained constant throughout the 24-wk feeding study, which is similar to results reported by Yamka et al. (2005) but opposite to those reported by Carciofi et al. (2009) . Carciofi et al. (2009) reported food consumption was lower for dogs fed a SBM-based diet compared with a diet containing poultry meal. Soybean meal is traditionally recognized as a less palatable protein source compared with animal-based protein sources, which may reduce voluntary food consumption (Houpt et al., 1978) . In contrast, Bednar et al. (2000) reported greater food consumption per unit of body mass for dogs were fed a SBM-based diet compared with a diet containing poultry meal. Félix et al. (2012) also reported dogs preferred SBM-based diets over diets with poultry meal when evaluated using a combination of preference testing methods and total food consumption. It was suggested that the content of low molecular weight sugars in SBM may contribute to its greater preference by dogs (Félix et al., 2012) .
The present study is the first to compare serum biochemical components in dogs fed SBM-based diets for an extended period of time. All hematological and serum biochemical components were within normal canine reference ranges for healthy, adult dogs and were relatively similar across all diets. These results imply any diet-related differences were likely due to inter-animal variability and were not physiologically relevant. For example, diet-related differences in serum P and Na likely reflect inter-dog physiological differences rather than diet-induced effects. In contrast, the quadratic trend for serum Cl may have been diet induced as the 6SBM diet contained greater levels of dietary Cl. Similarly, observed blood urea nitrogen (BUN) differences could have resulted from an imbalance of dietary AA in the SBM-containing diets. However, the absence of body composition differences implies that none of the SBM-containing diets were AA deficient. In contrast, an AA imbalance due to excess AA would result in the liberation of the N terminus group and its conversion to urea. The absence of a diet-related change in serum creatinine concentrations implies renal function was not a contributing factor to the differential BUN and total protein responses in dogs fed the 6SBM diet (Braun et al., 2003) . Table 6 . Body composition measured by dual-energy X-ray absorptiometry (DEXA) of adult dogs after a 24-wk feeding study when fed a nutritionally complete and balanced adult dry dog food formulated with commercial grade soybean meal (SBM) to replace 10, 20, or 30% of the protein provided by dried chicken protein in the control diet 2 11SBM = 11.5% SBM to replace 20% of the dried chicken protein in the control diet.
3 17SBM = 17% SBM to replace 30% of the dried chicken protein in the control diet. 2 11SBM = 11.5% SBM to replace 20% of the dried chicken protein in the control diet.
3 17SBM = 17% SBM to replace 30% of the dried chicken protein in the control diet.
There were no observed dose-dependent responses to increased SBM consumption for CRP or IGF-1 implying the overall health status was similar for all dogs regardless of diet. Circulating concentrations of CRP or IGF-1 are commonly used as a marker of general nutritional status. As an acute-phase protein, CRP is released into circulation after the onset of acute inflammation or tissue destruction and is correlated with disease severity in dogs (Yamamoto et al., 1992; Black et al., 2004; Ceron et al., 2005) . It also functions as a marker of inflammation and plasma concentrations in critically ill dogs are reported to be inversely correlated with decreased plasma AA concentrations (Chan et al., 2009) . Circulating IGF-1 is produced by the liver, which functions as an important site of metabolic integration. As such, IGF-1 is often used as a general indicator of whole-body nutritional status (Donahue and Phillips, 1989) . It is also unique because the production and release of IGF-1 induces key metabolic changes, such as increased protein synthesis (Caregaro et al., 2001) . Both CRP and IGF-1 serve as valuable veterinary diagnostic tools and it can be implied from their responses in this study that longterm feeding of SBM-containing diets had no negative effects on the nutritional status of the adult dogs.
The present study is also the first to report body composition responses of adult dogs fed increasing inclusion of dietary SBM. The AA content of all diets met or exceeded AAFCO (2000) recommendations implying any observed body composition responses were not due to AA insufficiency. The positive quadratic relationship for percent lean body mass with increasing SBM consumption demonstrates long-term feeding of up to 17% dietary SBM adequately maintains lean body mass of adult dogs when fed in combination with animal-based protein. This   Table 7 . Nutrient intake, apparent digestibility, ME, and fecal characteristics of adult dogs when fed a nutritionally complete and balanced adult dry dog food formulated with commercial grade soybean meal (SBM) to replace 10, 20, or 30% of the protein provided by dried chicken protein in the control diet 2 6SBM = 6.0% SBM to replace 10% of the dried chicken protein in the control diet. Diet fed to 3 dogs for each 14-d period.
3 11SBM = 11.5% SBM to replace 20% of the dried chicken protein in the control diet. Diet fed to 3 dogs for each 14-d period.
4 17SBM = 17% SBM to replace 30% of the dried chicken protein in the control diet. Diet fed to 3 dogs for each 14-d period.
5 Calculated as NFE = 100 -(ash + CP + fat + crude fiber).
benefit is reinforced by reductions in absolute fat mass and percent body fat with increased SBM consumption. The BUN and protein digestibility responses associated with the 11SBM and 17SBM diets also support improved lean body mass suggesting sufficient AA availability to meet the metabolic needs of these adult dogs. Bone mineral content responded in a quadratic manner to increased inclusion of dietary SBM with maximal BMC occurring in dogs fed the 11SBM diet. The BMC response may be attributed to phytoestrogens in the SBM-containing diets as soy-based phytoestrogens have been implicated in the prevention of bone loss in humans and rats (Arjmandi et al., 1996; Ho et al., 2003) . Phytoestrogen content of the test diets was not determined in this study, but biologically relevant concentrations of phytoestrogens have been measured and reported for commercial canine diets formulated with soy-based ingredients (Cerundolo et al., 2004) .
Results of the digestibility study showed DM intake increased with greater inclusion of dietary SBM supporting previous reports of Yamka et al. (2003 Yamka et al. ( , 2005 and Carciofi et al. (2009) . In these studies, DM intake was reported to be similar or greater in dogs consuming soy-containing diets compared with diets containing poultry-based ingredients. Increased DM intake also contributed to linear increases in the ingestion of other nutrients (CP, fiber, and ash) in the present study. Fecal moisture and fecal output also increased linearly with increased SBM consumption supporting previous reports (Zuo et al., 1996; Bednar et al., 2000; Carciofi et al., 2009 ). In contrast, Yamka et al. (2003) reported linear reductions in fecal moisture with increased SBM consumption. The conflicting results may be attributed to the different type of commercially available SBM used by Yamka et al. (2003) and the use of SBM as the sole source of dietary protein in the canine diets.
The presence of SBM-derived oligosaccharides, phytates, hemicelluloses, and nonstructural carbohydrates in the digesta of the large intestine likely contributes to increased fecal moisture content and fecal output with SBM consumption (Clapper et al., 2001 ). In part, this response is a consequence of the bulking effects of the insoluble and nonstructural carbohydrates fractions. Additionally, carbohydrate fermentation by colonic bacteria produces lactate and short-chain fatty acids, which increase intraluminal osmotic pressure and can result in greater fecal moisture content (Schneeman, 1999; Silvio et al., 2000) . Clapper et al. (2001) demonstrated that fecal quality can be maintained if the nonstructural carbohydrate and oligosaccharide fractions of soy-based ingredients are removed by aqueous alcohol extraction. Similarly, feeding canine diets formulated with specialized soybean cultivars low in oligosaccharides and phytates also reduce fecal output and minimize the negative consequences associated with SBM consumption (Yamka et al., 2005) .
Antinutritional components in SBM have been reported to depress AA and mineral availability (Sandberg, 2002; Yamka et al., 2003) . However, many of the antinutritional factors, such as trypsin inhibitors, are destroyed by processes such as extrusion and are unlikely to affect animal performance (Wiernusz et al., 1995) . In contrast, heat and moisture do not inactivate phytates, so mineral availability must be considered when feeding SBM-containing diets (Zhang and Laflamme, 1999) . In contrast to previous reports, the results of the present digestibility study showed no diet-related differences in the apparent digestion of DM, OM, NFE, ash, or energy. In fact, consumption of the SBM-containing diets increased the digestibility of protein and fat and protein retention in these adult dogs. These findings agree with other reports of increased protein digestibility with soy-containing diets compared with diets containing poultry meal (Zuo et al., 1996; Clapper et al., 2001 ). These types of responses can be expected when an ingested diet has an AA profile that matches tissue requirements.
Conclusion
It can be inferred from these results that the long-term consumption of a dry, extruded dog food containing up to 17% SBM has no adverse health effects when SBM is blended with a source of animal-based protein, such as dried chicken protein. Furthermore, the inclusion of SBM in a dietary matrix similar to the one used in the present study can sustain nutrient digestibility and body composition. These results indicate SBM can provide an optimal source of complementary AA when fed in combination with high-quality, animal-based protein in a nutritionally complete and balanced diet formulated specifically for adult dogs. Overall, these findings are not surprising considering the omnivorous nature of the domestic dog.
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